A Molecular Dynamics Investigaation of the Torsional Responses of Defective Single-Walled Carbon Nanotubes  by Zhang, Y.Y. et al.

























1 School of En
2School of M




 the type of de
acancy defects





















ects such as St
losely examin
fects, chirality
 than CNTs w
ensitive to the 












a1,2, C. M. 

















































how that the t
tion in the tor
hair CNTs ha
pared to their z
imulation
 carried out b
ctures using 
anoelectrome
l to know the

































1877–7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.07.164
Procedia Engineering 14 (2011) 1307–1311
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1308  Y.Y. ZHANG et al. / Procedia Engineering 14 (2011) 1307–1311

















(a)      

























nt work to in
 will be show
the defects. In






                    




t of defects is
 torsional ang
seen from Fig
. For the pris
l angle prior 
le is 051 .
sence of defe
. The relation
Fig. 2. The 
gle when the






e CNTs. In v
NTs. Recentl
various defe
s in the open 
ctive CNTs u
vestigate the







e length of 53
  (b)               
ifferent defects a














et al. 2008) h
cies and STW
e reduced by
iew of this pr




 effect of var
the critical tor
e effects of ch
 and non-bon
nner et al. 20
cy defects an
Å are conside
                  (c
t the mid length o
ivacancies-B2 (t
ed by using th










e of torques. 
ave assumed
 defect hav







que and the t
irality and te
ding atomic i
02) and the L
d STW defec
red as shown
)                    
f (6, 6) SWCNT
ilted bond remov
e results of M
ine (6, 6) and




 angle and to
NTs increas
l. With large
 After the pea
le. In the pos
This trend is 
 that the CNT
e been detec
urification, b











 in Fig. 1.  
              (d)   
: (a) STW defect
ed); and (e) line
D simulation
 various defe
he lack of the
 approximate
he critical tor
ing in a very
rque for the v
es almost lin
r torsional an




ted in CNTs 
ut it still rem
ecessary to in
nsive MD si






 SWCNT are 
s 12-6 potent
 (6, 6) and z
                      
; (b) Monovacan
defect with two h








































ne CNT. It is





































 Fig. 2, it is
oduli of the 
, which are c














d from the sim
ively more st
f the six DB
hat the torsio
ermore, the d
NTs at 1K a




 torsional angle 
 observed tha
pristine and 
lose to 0.338 
modulus than
 line defect 
t is expected 
of various d
r all the CNT
 the torsional
 the torsiona
 to each oth
e intermedia
 between the 
e (i.e. 500). T
g. By further 
ing that the e
ulation resul
able state via 








and torque for pr
t the shear m
defective CN
TPa obtained
 the STW de











ffect of the d
ts that the CN
bond reconstr
new bonds a
of the CNTs 
pends on the 
nm for STW
nm for line d




Ts are found 
 by Jeong et 
fect. Among 
reater deteri



















tion of the de
ve (6, 6) CNTs a
ewhat reduc






le is around 5
NTs are clea
300, the torq
e effect of th
al angle ran
ine and defec




e CNT with 











efects, it is f
e torsional c
monovacancy
ly but not ne
00 , slightly 
rly demonstra
ues acting on




e on all the C
in the postbuc
oments consu
a line defect s
00, leading to











. It is worth
cessarily the
insensitive to
ted in Fig. 2.
 all types of
the torsional

















Figure. 3 - Snap













le of 400 via
 loss happens
n in the post
defect (see F
 stage and th
vacancy-CNT
shots of SWCN







n in high the










 is only sligh
(a)
Ts after energy re
c) Monovacancy
 of various ty
CNTs is inve





t in the torsi
e defective C
g with a DB 
ons and an o
ruction. For t
ling. Howeve
e at the torsio
s is because 
erature of 300
tly reduced. 
            (b)     
lease (the lower 














nal angle of 5
of the combi
K. It can be 
       (c)         
panel is zoom of
1-CNT at 560 af
 (topological 
 presence of d
city at low te
At a higher t
us arrive at
d 800K) for t
nhancement 










 central part in th















f the higher 
le 1 that the c













 in Fig. 3(b),


















Y.Y. ZHANG et al. / Procedia Engineering 14 (2011) 1307–1311 1311
component (e.g. oscillator and springs) of nanomechanical devices that are capable of performing 
function in higher thermal environments. 
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